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This study is about design issues encountered in the development of a new switched mode
power supply for a television receiver. The design issues encountered are not standard design
problems which one encounters with known technology in new applications. The issues
encountered are due to advanced technology and novel solutions being introduced in the very
competitive global market, and for which there have not been any known solutions. Terrance
Smith, a former president of the IEEE Consumer Electronics Society dened Consumer
Electronics as a high volume, low prot margin industry. In an academic environment, cost
is generally not a driving factor, which is in stark contrast to consumer electronics. Every
cent that can be shaved o a product is imported to the success of that product. Thus the
design strategy aims at cost-eective solutions.
The study covers three topics which relate to important issues for consumer electronics.
The rst topic deals with voltage doubling and proposes an innovative overvoltage protection
solution. The solution proposed has been patented internationally by Philips, and has found
wide application in the automotive industry. The second topic introduces Sound-In-Vision
(SIV) cross modulation. The phenomenon has been around for several decades. The root
cause of this phenomenon changes as technology changes. In the early periods of television;
it was due to cross modulation between the sound and vision carriers in the Intermediate
Frequency (IF) Stage of a receiver. Then an underrated power supply was the next major
issue. In this study, once more the root cause is in the power supply but is due to magnetic
crosstalk in the core of the switching transformer. The third topic explores standby power
consumption. One of the early proposals promised signicant standby power reduction.
However, the cost issues were the stumbling block. In order to provide a cost-eective
solution, specic IEC 65 safety requirements were challenged. Thus the rst attempt did
not progress into a product. The proposal that is described in this dissertation is the world's
rst truly zero power standby solution. International patents have been granted for this
solution.
Chapter two is about an overvoltage protection circuit for a multi-voltage TV receiver.
Modern TV Receivers and consumer electronics products, in general, are designed for a
global market which means they must be able to operate on any power grid system. The
typical voltage range is 85 VAC to 276 VAC. If the power consumption of the set is small,
then the power supply can operate over this wide mains supply range without a voltage
doubler. For a set with a larger power requirements, a voltage doubler circuit is a must.
The key concept of a voltage doubler is energy stored in electrolytic capacitors (elcaps),
and arranging the capacitors in such a way that they can provide twice the voltage and
adequate supply current during the charging cycles. A brief discussion of some of the critical
design issues with the lter capacitors is provided. The elcaps are one of the most expensive
components in a TV receiver, and if incorrectly designed will cause reliability and/or safety
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issues. Cost is a major consideration in consumer electronics design, and this is where the
use of elcaps was reviewed. Whilst cost was one issue that led to the overvoltage protection
circuit, another issue is safety. Thus the innovative solution proposed for the overvoltage
protection circuit, which consists of a low-cost transistor based comparator circuit, which is
followed by a gate drive circuit that is used to re an SCR crowbar circuit. The operation
of this circuit is described, and a brief discussion of some alternative approaches precedes
this discussion. A mathematical model is developed to calculate the trigger threshold of the
protection circuit and how to determine the component values. This is followed by a variety
of practical considerations of the design, and a brief discussion of the safety and electrical
design evaluation of the protection circuit.
The third chapter deals with the Sound-In-Vision (SIV) problem, a result of more rela-
tively demanding performance requirements of the audio out amplier in modern TV sets.
SIV is a problem whereby the audio signal causes cross modulation in the video chain and is
visible on the video display. As a result, the picture will move in sync with the audio signal.
A brief overview is provided on historical root causes of the SIV. Power supply capacity is a
well know SIV problem. If the power supply is not able to provide enough energy for peak
load demands, the sound will modulate the video signal via the video supply rails. Then
the root cause of the new problem is discussed, and a method is provided on how to detect
this problem. As the problem is not due to the power supply being able to supply sucient
energy, the problem becomes more visible in low light, that is, during low video power re-
quirements, when the audio power requirements exceed a certain threshold. The root cause
for the new problem is magnetic crosstalk in the yback transformer. The problem details
are elaborated in this chapter. Unfortunately, there is no solution for this problem, other
than to have two separate power supplies. One power supply is for the audio system, and a
second one for the rest of the receiver. For high-end TV receivers, generally multiple power
supplies are used.
The forth chapter describes a switching system that has resulted in the world's rst true
zero power standby solution. Standby is a method that allows the use of remote control
units to switch a TV receiver, or other consumer products such a DVD player or Audio
System, on and o. Once the equipment is switched o, it cannot be switched on again,
unless there is power available during the \o state" which is known as standby. Therefore,
in standby, there always has to be some form of energy provided in order to be able to
respond to the \ON" command by the user. A typical household wastes approximately
15% of its total energy footprint on standby power. This high waste of energy and more
environmentally conscious consumers are driving the demand for standby power reduction.
Numerous countries are targeting replace one Watt standby power consumption. The rst
system described was able to bring standby power to below one Watt. The cost to implement
this solution, and certain requirements for changes the IEC 65 safety requirements resulted
in this approach not making it into production. This chapter provides a brief overview of
substitute approaches to standby power reduction and then describes a switching system that
can replace traditional standby methods. It is a true zero power method, as the equipment
is completely disconnected from the mains supply in the o state. Thus it is no longer a
standby system, but a switching system. It allows remote control units to switch equipment
on. This technology is based on Radio Frequency (RF) technology and is described in this
chapter. International patents have been granted for this method.
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This thesis studies design issues in Switched Mode Power Supplies for Television Receivers.
The issues encountered are due to the applications of new technologies, which required inno-
vative solutions. The solutions implemented resulted in successful patent applications. This
thesis consists of three chapters, which address three topics important to the applications
of switch mode power supplies for consumer applications and have been implemented in TV
receivers.
In Chapter 2, the design of an overvoltage protection circuit is described, which has been
developed for voltage doubler applications. There were two main factors that motivated
this solution. One was an enormous cost reduction in the doubler circuit. The other factor,
which is more important is improved safety of power supplies. The protection circuit has been
patented by Philips. International patents were issued for this design. The chapter describes
a number of alternative approaches to the protection circuit, and a mathematical model is
developed to predict the performance of this circuit. Practical aspects are discussed to ensure
the design is reliable. Electrical design and safety evaluations are covered and detailed test
results are provided. The protection circuit passed all compliance requirements for IEC 65
and Dentori.
In Chapter 3, a new root cause for the old Sound-In-Vision (SIV) problem is discussed.
The new problem is due the magnetic crosstalk in the yback transformer. An overview
of the problem is provided, and a method to diagnose the magnetic crosstalk is described.
The crosstalk issue is due to the increased demand for more audio power, and the resultant
magnetic crosstalk in the switching power supply transformer.
In Chapter 4, several innovative solutions are described to reduce standby power consump-
tion. The rst method described, signicantly reduces the standby power. The solution was
not cost eective enough to make it into production. It also would have required amend-
ments to the IEC 65 safety standards. The other method described is a switching system
that allows the use of remote controls to switch on the equipment. This solution has been
granted international patents, and it redenes a standby system.
Finally, in Chapter 5, the innovative solutions in this thesis are summarized, and possible





This chapter describes an invention that has been used in the industry, and that is nding
wide application in the automotive industry. This protection circuit provides several benets,
namely, it allows the use of lower voltage rated electrolytic capacitors in voltage doubler
circuits. In addition, it provides a voltage balancing circuit across electrolytic capacitors.
Elcaps typically have a tolerance of 20%. Thus it distributes voltage equally across the
elcaps. This helps prevent elcap venting due to over voltage stress. The proposed circuit is a
low-cost discrete component solution, as this is more cost-eective than using an integrated
circuit. The design evaluation performed has included an extreme value tolerance analysis,
which covered component variations and variations due to temperature. Furthermore, it
was evaluated for safety compliance of IEC 65, and Dentori standards. The Philips Design
Evaluation team did a series of performance tests that included repeat on-o switching tests,
various mains quality impairments, lightning simulation tests and electrostatic discharge
tests. All tests were satisfactory. The estimated cost savings on the rst production run of 1
million sets were over 8 million dollars. International patents were granted for this protection
circuit.
Figure 2.1: G8 large signal panel.
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2.2 A Description of the G8 Chassis Power Supply
Terrance Smith, a former President of the IEEE Consumer Electronics Society, dened Con-
sumer Electronics as: \High volume, low-prot margin designs". This is important in order
to understand the reasoning behind the design decisions for consumer products. Consumer
Electronics (CE) design must be reliable, safe, and the lowest possible cost solution. It is
cheaper over the life cycle of a product, to have an engineer spend two weeks to reduce the
design cost by one cent than to spend the extra cent.
To unveil the design constraints of this project, a brief description of the power supply
block diagram is provided. At the heart of this switching power supply, is the DC-DC
converter. For consumer applications yback type power supplies are used for the following
reasons:
 The Flyback topology is a simple low component count design.
 The low component count results in a lower product cost.
 The transformer provides isolation from the mains supply for the secondary circuit,
and also acts as the output inductor.
 Isolation is an important safety requirement (IEC 65).
 It is capable of multiple secondary voltages.
 Energy is delivered to the load only during o time of the control switch.
 Design of the power transformer is relatively simple.
 As there is no output inductor, good output transient response is achieved.
The disadvantages of the yback topology are:
 Low eciency
 Poor cross-regulation
The G8 power supply has the 5 secondary output voltages, and additional three output
voltages, if a satellite broadcast receiver is used. The block diagram of the power supply is
shown in Figure 2.1.
The secondary supply has three outputs, one for the vision supply (+140V), the sound
supply (+28V and +24V), as well as the control circuit supply which is +5V and -5V.
For receivers that are tted with a Broadcast Satellite Receiver, three extra supplies are
provided. These are a +17V supply for the Low Noise Converter (LNC) of the antenna
amplier, +12V and an additional +5V.
The front end of the power supply consists of an input protection circuit, a fuse, as well
as an RFI lter that is used to prevent noise generated by the power supply and other parts
of the receiver being transmitted into the mains supply. The TV Receiver has to comply
with CISPR 13 requirements. The RFI lter is followed by a mains rectier, and low pass
lter (LPF) and an Automatic Voltage Selection (AVS) circuit. The output of the rectier
circuit and LPF is the input to the DC-DC converter.
The tables below show the dierent power supply congurations. In the tables, BS stands
Broadcast Satellite Receiver and AVS does Auto Voltage Selection (Multi Input Voltage Set).
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Table 2.1: Mains voltage range of G8 power supply.
Item Mains Voltage Comments
1 85V-120V No BS, hardwired doubler
2 85V-120V With BS, hardwired doubler
3 90V-276V With AVS, no BS
4 140V-276V No AVS, no BS
Table 2.2: Non broadcast satellite receiver output supplies.
Output Voltage Current Load Name
+140V 1.2 A Vision Supply
33V 0.01A Tuner Supply
28V 0.2A Unregulated for miscellaneous
24V 1.8A Audio Supply
8V 0.3 A Unregulated for Signal input panel
5V 0.5 A Control Circuit
Table 2.3: Broadcast satellite receiver output supplies.
Output Voltage Current Load Name
+140V 1.2 A Vision Supply
33V 0.01A Tuner Supply
28V 0.2A Unregulated for miscellaneous
24V 1.8A Audio Supply
8V 0.3 A Unregulated for Signal input panel
17V 0.36A BS, LNC, Short Circuit protection
12V 0.175A BS
5V 0.1 A BS, always on
5V 0.55A Control Circuit
-5V 0.1 A Control Circuit
4
Figure 2.2: Block diagram of G8 power supply.
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2.3 Overvoltage Protection Circuit
2.3.1 The Need for Multi-Voltage Power Supplies
Consumer electronic products, such as television receivers, are sold in the global market.
Thus the TV sets need to be able to work over a wide range of mains supply voltages.
The mains voltage range over which consumer electronics products must be able to work
with is 85VAC to 276VAC. Power supplies designed for low power applications say less than
or equal to 100W, do not need to use a voltage doubler. For high power applications,
greater than 100W, it is better to use a voltage doubler circuit. The power supply can
be designed without a voltage doubler but at a signicant increase in real-estate and cost.
This is due to components that must be able to handle higher power ratings, for example, a
switching transistor which can handle larger currents. A switching transistor that can meet
this requirement, has the following disadvantages. It is much more expensive, it requires a
much larger heatsink, more PCB space, and will create more EMI problems. Thus not using
a voltage doubler circuit becomes an unacceptable design option.
Figure 2.3: DC voltage vs mains supply voltage.
Figure 2.3 shows the DC voltage across the lter capacitors in the front end of the power
supply. For the DC-DC converter to operate about 200V DC need to be across the elcaps.
This is shown by the horizontal line in the graph. The vertical line shows where the doubler
switching takes place.
For the G8 Chassis, a Sanken Voltage Doubler switching IC was used. The circuit
schematic of the front end of the power supply, including the Sanken circuit, is shown in
Figure 2.4.
6
Figure 2.4: Voltage doubler circuit.
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2.4 Electrolytic Capacitor Filter Design Considerations
The lter capacitor selection is critical as the elcap must be able to supply the entire power
for the DC-DC converter. It is a bulky item that occupies a considerable amount of space
and its lifetime is limited as the electrolyte dries up with age.







PIN= Power into the DC-DC Converter [W],
f= mains frequency [Hz], either 50 Hz or 60 Hz.
In a voltage doubler circuit, there are two elcaps in series. Each capacitor is charged
during its half cycle. It is charged to the peak line voltage (VPK ). The elcap is discharged
by the converter until VMIN.






PK   V 2MIN)
2
(2.2)
The elcap size can now be calculated by Equation 2.3
CIN =
WIN
V 2PK   V 2MIN
(2.3)








Assuming a rectangular charging current pulse which has a peak amplitude of iCHG then
charge stored on the capacitor is given in Equation 2.5
dQ = iCH  dt = CdV (2.5)











The estimated life of an electrolytic capacitor is given in Equation 2.8 (from Nichicon)
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LN=lifetime under temperature TN and applied voltage and ripple current
L= Lifetime under maximum rated operating temperature
BN= Acceleration coecient of ripple current
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2.5 Background Information
2.5.1 IEC 65 Requirements
IEC publication 65, Section 2.4 requires safety tests to be conducted on capacitors. These
tests include both short and open circuiting the capacitor. The G8/88 chassis power supply
uses a voltage doubler circuit to allow the set to be used in most countries.
Figure 2.5 show the circuit of a voltage doubler. When the open circuit test is performed
on the two electrolytic capacitors, no safety problem exists. In other words, no hot spot
develops, and thus there is no safety hazard.
Figure 2.5: Voltage doubler concept circuit.
In the low mains supply range of (85 VAC to 140 VAC) the AVS circuit puts the set in the
voltage doubler mode. A short circuit across either of the two elcaps cause the short circuit
current to exceed the mains fuse rating, resulting in the fuse rapturing. The fuse is of slow
blow type, rated at 4 A (T4.0 A). Thus no safety hazard exists.
When the set is not in the voltage doubler mode (160 VAC to 276 VAC), the elcaps are in
series, across a bridge rectier. In this conguration, if one of the elcaps is short-circuited,
then the full DC voltage is across the non-short circuited elcap. Thus the elcaps are rated
at the maximum DC voltage that is across the bridge rectier; about 400 VDC. Apart from
the fault condition of a short circuit in one of the elcaps, the elcaps only need to be rated
at half the maximum DC Voltage. Using elcaps rated at half the Bridge voltage means that
a 250V elcap can have 400 V across it if the other elcap develops a short circuit. The elcap
will be stressed due to the too high voltage across it and heat up and vent. This situation
is a potential re hazard.
It would seem that using a higher voltage rating of the elcaps is a simple solution. If one
elcap fails then other can easily withstand the higher voltage, and the set would be able to
continue operation. IEC 65 requirements are fullled, and no safety hazard would exist.
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2.5.2 Elcap Cost Considerations
Consumer electronics, however, are price driven, every cent counts. Typical production
volumes are 1 million sets as a minimum. Elcaps, especially high voltage elcaps, are partic-
ularly expensive. Table 2.4 shows a cost comparison of electrolytic capacitors with the same
capacitance, but dierent voltage ratings.
Table 2.4: Cost comparison of electrolytic capacitors.




The above table shows that the dierence in price between the 400V and 250V elcaps
is $5:05 per elcap. As two elcaps are used, the total cost reduction is $10:10 per set. After
deducting the estimated cost of a protection circuit, the resulting saving is estimated to be
about $8:00 per set. This cost estimate was done by procurement sta.
A further advantage of using a protection circuit is it helps distribute the voltage across
the elcaps more evenly. Elcaps have a large tolerance for capacitance value, which is typically
20%.
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2.6 Evaluation of Possible Solutions
2.6.1 Protection with Transils
One of the rst ideas to protect the elcaps against overvoltage was to use transils. Transils
are semiconductor devices whose impedance becomes exceedingly low when their avalanche
voltage is reached. Transils were placed in parallel with the lter elcaps (see Figure 2.6).
When an elcap is short-circuited, the voltage across the elcap exceeds the avalanche voltage
of the transil. For example, if C2128 in the gure below is short-circuited, then the avalanche
voltage of T2 is exceeded. This will result in the transil becoming an eective short circuit
and thereby capturing the mains-fuse. The rst round evaluations were done with Sanken
R4KL transils. This solution was not acceptable as the transils cannot reliably trigger over
the wide DC voltage range across the elcaps. Another problem with this solution is the I2t
rating of the fuse. The transil switches much faster than it takes for the fuse to rapture. The
transil is not designed to withstand the high fault current (i.e. the junction temperature
increases too fast) and consequently explodes. Other breakdown devices such as diacs were
considered. But cost and a more complex trigger circuit, were the main issue with diacs that
could handle the fault currents under short circuit conditions.
Figure 2.6: Transil protection circuit.
2.6.2 Diode-Comparator Protection Circuit
An alternative solution is to use a comparator circuit as shown in Figure 2.7. This circuit
consists of a voltage comparator with transistor TR1. The comparator is triggered when the
programmed threshold voltage is reached. The transistor compares the voltage across the
resistive divider against voltage on its emitter. If elcap 2128 develops a short circuit, then
the voltage across elcap 2120 exceeds its rating. The emitter becomes more positive than the
base and triggers the transistor into conduction. The voltage at the collector then triggers
the Silicon controlled rectier (SCR) T2, which is a crowbar circuit. The crowbar places a
short circuit across the mains fuse, which in turn makes it rapture. The open circuit fuse
disconnects the mains supply. The SCR is connected after the RFI lter in order to prevent
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false triggering by noise spikes. C1 is also used to prevent false triggering by electrical noise.
If elcap 2120 develops a short circuit, the voltage across elcap 2128 is increased and current
ows through zener diodes D3-D6, which puts TR1 into saturation and res the crowbar
circuit. The set is disconnected from the mains supply, and no safety hazard exists.
Figure 2.7: Diode-comparator protection circuit.
This circuit was evaluated by the Electrical Design Safety team and passed all evaluation
tests. This circuit was not chosen as a nal solution, as the large tolerance of the elcaps
(20%) can cause a voltage imbalance, with which temperature variations can result in false
triggering. This would then result in reliability issues. As the elcaps age, their capacitances
may change at dierent rates due to dierent temperature proles and result in reliability
issues.
2.6.3 The Proposed Solution: Series Comparator Protection Cir-
cuit
This circuit is similar to the Diode-Comparator Circuit described in Section 2.6.2. The
dierence is that the series zener diodes are replaced by a second voltage comparator circuit.
Thus there are two voltage comparator circuits in series. An advantage of using two voltage
comparators is that there is a resistive voltage divider across both elcaps. To reduce variation
due to component tolerances, resistors with 1% tolerance were used. These resistors ensure
that the voltage is equally distributed across both resistors. If a fault condition develops
in either of the elcaps the set remains safe. As discussed previously, an open circuit elcap
causes no safety hazard. If either of the elcaps develops a short circuit, then the voltage
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comparator across the other elcap will sense the elevated voltage and trigger the crowbar
circuit. This will then cause the mains fuse to rapture and the set is safe.
Figure 2.8: Series-comparator protection circuit.
This solution is cost-eective, as the estimated cost of all discrete components for both
comparators and PCB space is $1:07. This results in cost reduction of $9:03, which excludes
the assembly cost. The choice of using transistors is due to the cost advantage compared to
using op-amps.
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2.7 Circuit Analysis of the Overvoltage Protection Cir-
cuit
The protection circuit is made up of a number of functional blocks as shown in Figure 2.9. On
the left side is the elcap which is to be protected. The voltage across the elcap is monitored
by a voltage comparator circuit. When the comparator circuit detects a voltage above a
threshold to which it is set, then it activates a signal to the crowbar trigger circuit. The
trigger circuit res the SCR of the crowbar, which places a short circuit across the mains
input fuse. This in turn raptures the fuse and the set becomes safe.
Figure 2.9: Block diagram of the overvoltage protection circuit.
The circuit of the basic voltage comparator is shown in Figure 2.10 below. The gure
shows the elcap across which the voltage is sensed, and the crowbar circuit.
The circuit diagram of the overvoltage protection circuit also illustrates the control strat-
egy of how a small base current (IB) from the comparator circuit can be used to generate a
gate current (IG ) that is large enough to turn on an SCR. The gate current of the SCR is
much smaller than the fault current (ISC) through the SCR. The control current strategy is
shown in the Equation 2.9.
IB << IG << ISC (2.9)
The current through the resistive network R1 and R2 should be low enough not to load
(i.e. to discharge) the elcap, but high enough to allow reliable switching of the transistor.
The current IR can be determined by Equation 2.10, which is a rule of thumb.
IR = 10IB (2.10)
This relation is necessary to ensure reliable triggering of the switching transistor Tr1.
In normal operation, Tr1 is in the o state. If a fault condition occurs, then VCC will
increase, and reach the pre-programmed trigger level VTRG. The trigger level is set by the
resistive network R1 and R2, and the zener diode DZ. When the condition for Equation 2.11
is met, the comparator transistor becomes forward biased and drives Tr1 into saturation (i.e.
switches Tr1 on).
VTRG = VCC (2.11)
When the comparator transistor Tr1 saturates, the collector current shall to be set large
enough to re the SCR. The collector current IC can be set by resistor RG. When Tr1 is in
the o state, the zener is biased on by ensuring there is a large enough current through the
zener to bias it in the reverse bias or zener region. IZ should be selected such that the zener
15
Figure 2.10: Voltage comparator circuit.
diode is reversed biased, and this is done with RZ. The relationship for the gate current (IG
) to re the SCR is shown in Equation 2.12.
IC = IG =
(VCC   VZ   VEC   VD   VG)
RG
(2.12)





This shows that a small gate current can be used to control the ring of the SCR. When
red, the SCR is on for the duration it takes for the fuse to rapture. The comparator
transistor will be on (tON) until the fuse opens and this relation is given by Equation 2.14
tON = tSCR + tfuse (2.14)
The trigger point for the comparator is when the emitter of Tr1 is more positive than
the base voltage. This is given in Equation 2.15
VE = VB + VBE (2.15)
The emitter voltage relates to trigger voltage VTRG as shown in Equation 2.16
VE = VTRG   VZ (2.16)
Equating Equation 2.15 and Equation 2.16 gives Equation 2.17
VB + VBE = VCC   VZ (2.17)
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Equation 2.17 can be rearranged for VB which is Equation 2.18
VB = VCC   (VZ + VBE) (2.18)





Where RT is the total resistance of base bias resistors as shown in Equation 2.20
RT = R1 +R2 (2.20)
The voltage at which it is necessary to re the SCR is the voltage which exceeds the
voltage rating of the elcap (VTRG) and from Equation 2.19 we can determine the values of the
resistive bias network for the comparator. Resistor R2 can be calculated by Equation 2.21.
R2 =
(VTRG   VZ   VBE)
VTRG
RT (2.21)
Resistor R1 can be determined by Equation 2.22.
R1 = RT  R2 (2.22)
Rearranging Equation 2.21 we can determine the trigger point as shown in Equation 2.23.




2.8 Some Practical Considerations
There are some practical considerations for the above circuit. To improve the reliability
and at the same time make the design cost eective the bleeding resistors (R1, R2, R3, R4)
in parallel with the elcap are were divided into several smaller resistors instead of just one
larger power resistor. This is because the power dissipated in the resistor is:
PR = (I
2 R) (2.24)
If only one resistor were used, a higher power rating would be required. The base current
(IB) is dependent on the gate current, which is 15mA, and thus the base current is (given
that  is 80 minimum) 188 A. The current through the series resistors should be about 10
times larger which is about 1.8mA. The power rating of a combined R3-R4 resistor would
be using Equation 2.24, 1.2W.
If the resistor is split into two resistors, and the current is dropped to 1.2mA (7 times
IB) then the power rating decreases to about 0.48W for R3 and 0.065W for R4. A 0.5W
resistor of SFR 25H type can be used for R3 and a quarter watt SFR16 resistor can be used
for R4. R3 is still close to the 0.5W limit, thus the following needs to be done. The resistor
should not be mounted directly on the printed circuit board (PCB), but should be mounted
with long leads to allow airow around the resistor. If space permits a hole should be place
underneath the resistor R3 to allow better airow for cooling. The copper pads on the PCB
should be as large as possible to remove heat from the solder joint and the resistor.
When a fault condition develops and the circuit is triggered, the duration for which the
over voltage protection circuit operates is
tOn = tFuse + tSCR (2.25)
Figure 2.11 shows a nal version that went into production. The diagram is a production
circuit diagram.
From the SCR data sheet we nd that it takes 2sec to re it, and from the fuse data
sheet (Figure 2.11) the fuse breaking time is 100msec. This corresponds to about 100msec





The pulse power rating for the SFR25H resistor is shown in Figure 2.12 below. From it
we can see that maximum power that the resistor R3 can take for 100msec is about 10W.
The maximum power that would be applied across the resistor is
IZmax = IC + IRZ (2.27)
The zener power rating is
PZ = VZ + IZmax (2.28)
The zener is rated at 0.5W, and the worst case power the zener needs to dissipate is
0.27W. This is well within specication. The power dissipated across the transistor T2 is
PD = VCE  IC (2.29)
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Figure 2.11: Elcap & overvolatage protection circuit.
The power dissipated in the transistor when it is triggered is 3mW, which is well below
the maximum continuous rating of 830mW (from the data sheet). Thus the circuit is safe
and all components are well within their ratings.
When the SCR is triggered, it is designed to let a large current through it. A short circuit
current is very large, as the impedance to ground is assumed 0
. In reality, this is not the
case. The impedance Z (R + X) is not equal to zero. From Figure 2.11 we can see that after
the fuse there are the RFI transformers which are in series between the fuse and the SCR.
They have about 5
 each, and in addition there are the copper tracks. Thus the circuit
board layout requires wider tracks to handle the large short circuit current. The solder pads
of all components should be on the larger side. The solder pads for the RFI transformer
should be as large as possible. They should also be either double soldered or x mounted
with cable ties or screws. This is to prevent the joints breaking and as there is high energy
going through these joints, this will also prevent potential re hazards.
These practical considerations have reduced the cost of the design, and at the same time
increased the reliability. Low cost design is a major goal for consumer electronics designs.
Reducing the power rating of a resistor by splitting the resistor into two resistors has resulted
in 0.5 W resistors being used which are considerably cheaper than a 2 Watt resistor. It also
generates a lot less heat, and stress the solder joints much less due to the reduced weight
of the resistors. When the circuit is triggered it is on for about 100 msec worst case. The
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Figure 2.12: Fuse breaking time curve.
power rating of all components when the circuit is triggered, are well below the maximum
rating of the components. Thus the objective of a reliable and low cost solution is met.
The circuit will trigger in worst case at 400V, which corresponds to about 0.5 W. This
the resistor can operating during the time the protection circuit is active.
Figure 2.13: Pulse rating of SFR25H resistor.
The current through zener diode D1 is the collector current when the circuit is red and
the diode bias current IZ .
20
2.9 Tolerance Analysis
A design is not complete until a number of circuit evaluations are completed. The rst
evaluation is about the eects of component tolerances on circuit behavior. The other
important factor to consider is the eect of temperature variations. MathCad was used for
these studies. A mathematical model was developed for the comparator circuit, to identify
what eect component tolerances would have on the circuit performance. Then the eects
of temperature variation were included in the models. The detailed calculations are shown
in the appendix.
Figure 2.14: Comparator circuit used in tolerance analysis.
2.9.1 The Eect of Component Tolerances
Figure 2.14 shows a basic conguration that was used for this analysis. The base values of
the components are listed below in Table 2.5.


















The tolerances were considered as:
dRi = 1% ,where I = 1,2,3 (2.31)
dVz = 2% (2.32)
Equation 2.33 is used to calculate the trigger point
VTRG = (VBE + VZ) RT
R1
(2.33)
To allow for the eect of tolerances on the trigger point, the Equation 2.33 has been
changed to make allowances for these tolerances. The highest voltage at which the circuit
will trigger at 25C is given by:
VTRGmax = [VBE + VZ + VZ ]  dVz (2.34)
Where
Rmax =
R1  R1  dR1 +R2 +R2  dR2 +R3 +R3  dR3
R1  R1  dR1 (2.35)
The lowest trigger point at 25C is
VTRGmin = [VBE + VZ   VZ ]  dVz (2.36)
Where
Rmin =
R1 +R1  dR1 +R2  R2  dR2 +R3  R3  dR3
R1 +R1  dR1 (2.37)
Using the above equations to calculate the eect of component tolerances gives the fol-
lowing results:
VTRG = 227:65V (2.38)
VTRGmax = 236:36V (2.39)
VTRGmin = 219:18V (2.40)
The results of the analysis show that component tolerances will shift the trigger point
within a range of 17V . This analysis is based on extreme values. This range causes no
problems as long as 250V elcaps are used, and the min trigger point is greater than 190V .
The upper limit must be below 250V .
2.9.2 The Eect of Temperature
To evaluate the eects of temperature variations, the equations used for tolerance calculation
were modied to include temperature coecients. Thus the analysis includes both the eects
of tolerances and temperature on the trigger point.
As the temperature increases, VBE decreases by 2mV/
C. This change is compensated
for by an increase in VZ. This increase is slightly larger than +2mV/
C, but in the opposite
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direction to the change in VBE. This, therefore, results in a slight overcompensation as
temperature varies.
The calculations using Equations 2.41 to 2.46 show no signicant drift in the trigger point
due to semiconductors. The variations in the zener diode are opposite to the variations in the
transistor pn-junction, and therefore both devices compensate for each other. This results
in circuit stability over the specied temperature range.
The changes of temperature in the resistors of the voltage divider network was considered.
The eect of the temperature coecient is so small that for practical purposes, it can be
considered negligible. The temperature range over which the circuit was analysed is from -
10C to +60C. The relatively lower temperature of -10C was chosen as it is the temperature
that is found in the home of people in China during the winter. This value is obtained through
eld experience and was measured at a start-up temperature in Chinese homes during the
winter. The sets need to be able to start up at this temperature. The design guidelines
at Philips specify the temperature in a set is to be taken as +60C when the back cover is
tted. The published data for semiconductors is based on an ambient of 25C. Temperature
variation, SZ, data was obtained from the datasheet of the zener diode and an allowance was
made for the junction temperature TJ. The switching transistor in the protection circuit is
normally in the o state, therefore only small leakage currents will ow. It is assumed that
the transistor junction temperature is at approximately at ambient. At high temperatures,
Equations 2.41 is used to determine the trigger level.











The minimum Trigger point at high temperature is given by:




= +9.2mV/C; Rmax is given by Equation 2.35, and Rmin is given by
Equation 2.37.
VBE is 0.7V at 25
C, which is taken as a reference. Equation 2.41 and 2.43 an al-
lowance of 2mV/C is made as the temperature rises. When the temperature drops below
the ambient, VBE will increase. While the relationship between VBE and temperature is non-
linear, for simplicity it has been assumed to be linear. This approximation is acceptable for
the temperature range analysed and the degree of accuracy required. For low-temperature
analysis SBE has an ambient reference of +2mV/
C. The zener voltage will decrease with
temperature at the rate of SZ. For low temperature analysis we can use Equation 2.45 for
the highest trigger voltage, and Equation 2.46 for the highest trigger voltage.
VTRGmax = (VBE + SBE  dT ) + (VZ   VZ  dVZ + SZmax  dT ) Rmax (2.45)
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VTRGmin = (VBE + SBE  dT ) + (VZ   VZ  dVZ + SZmax  dT ) Rmin (2.46)
The results of this analysis are summarized in Table 2.6. The detailed calculations are
demonstrated in the appendix. They were computed with Mathcad.
Table 2.6: Temperature vs protection trigger voltage.
Temp.(C) Min Trig.(V) Nom.Trig.(V) Max Trig.(V)
60 222.78 232.42 242.04
25 219.18 227.65 236.36
0 215.27 224.24 233.29
-5 214.49 223.56 232.46
-10 213.70 222.88 231.64
2.9.3 Summary of Tolerance Analysis
The results of the temperature analysis show that the variations in the trigger voltage levels
are within acceptable limits. They were obtained by extreme value analysis, as such, there
is no chance of an outlier that could potentially cause a safety problem. Under normal
operating conditions the working voltage is unlikely to exceed the 200V working limit of the
elcap. It will only exceed this voltage under a fault condition. That is when the other elcap
is short-circuited or of low impedance. Then the protection circuit will activate and keep
the receiver safe. If an elcap is open circuit, there is no safety issue. Due to Philips internal
derating guidelines, the elcaps used will be rated at 250V .
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2.10 Safety Evaluation
International safety standards such as IEC 65 and EN60065 specify a number of safety tests.
The assumption made is that only one fault can occur at a time. Consumer products are
not high reliability products, thus only one fault is induced at a time.
One aspect of safety testing is to short-circuit each component and to open circuit each
component. For integrated circuits, each adjacent pin is short-circuited, and each pin is open
circuited. After the fault is activated, no re phenomena are allowed, nor is the temperature
allowed to exceed limits as specied in the standards.
The overvoltage protection circuit was evaluated by a safety engineer, in order to have
an independent evaluation. The nal TV receiver is later tested and evaluated by an in
depended test house like TUV, or UL.
The test report is included in the appendix of this thesis. The circuit passed all tests,
but it was noted that the snubber circuit resistor became hot if the series snubber capacitor
was short-circuited. It reached a temperature of 100°C. The applied solution was to add a
second snubber capacitor in series.
2.11 Electrical Design Evaluation
The electrical Design Evaluation (DE Electrical) deals mainly with a functional performance
evaluation of the design. A few of the performance issues may result in safety issues if the
failure occurs that cause damage to the equipment. An example would be a simulated
lightning test, which results in component damages that result in overheating, with the
potential to cause the re.
The overvoltage protection circuit was tested to examine how it impacts the performance
of the TV receiver under the tests:
a) Father/Mother Test
This test involves the received being switched on and o for 1500 times. The aim is
to detect any adverse eects, as surge limiting components are hot and are not very
eective if an inrush current were to build up. Multiple components may be stressed
due to their charge levels being stressed and reaching limit values.
b) Mains-Spike Test
Brown Out A mains spike generator is used to see if the set turns on or fails if
the mains voltage is temporarily dropped out. This is also known as brownout.
Main Spikes are sent to the set and no fault condition is allowed. The protection
circuit is not allowed to trigger. The set is tested when in standby mode, and
in operational mode. It is tested at various mains voltages. The ranges are 90-
140Vac, and 120-200Vac, and 150-276Vac. The appendix shows the dierent tests
that were done on the protection circuit.
Mains Spike Tests at low, medium, and high energy spikes. A total of 100
spikes is applied for each energy level, and the phase angle of the spike is varied
over a 360°range. The pulse amplitude is varied from 100V to 2:5kV. The heavy
energy spikes are up to 3kV.
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c) Lightning Simulation:
 Common Mode (high & low to ground)
 Tested form 3kV to 6kV in 1.5kV steps
 Dierential Mode (between high & low line)
 0.5kV to 2kV in steps of 0.5kV
 Breakdown Test
 7kV to 10kV insteps of 1kV
d) Static Discharge Test
10 discharges at 15kV
Tests are done as per Philips test spec UAW-8002 Static Testing.
The test results are included in the appendix of this thesis.
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2.12 Summary
This report has shown the proposed overvoltage protection circuit described meets the safety
requirements of IEC 65 and complies with the most stringent Philips internal requirements.
The main advantage of this protection circuit is the large cost savings, by being able to
use lower voltage rated elcaps in voltage doubler circuits. The protection circuit allows the
voltage rating of the elcap to drop from 400 to 250 volts. This voltage reduction also results
in space savings on the printed circuit board. The smaller size elcap, which has signicantly
less mass also reduces stress on solder joints and thus is a great improvement in safety due
to the reduced re potential. The resistive network across the elcaps, also helps balance the
voltage distribution across them.
Simple solution's like parallel transils fail to function due to the large variation in mains
voltage. Under fault conditions, they explode and may cause potential safety issues. The
proposed circuit meets all safety requirements of ICE 65, and all requirements of the Philips
internal design evaluation. The requirements include brownout, mains spike, electrostatic
discharge and lightning tests. The in-house tests are more stringent than various industry
standards. For example, a number of power supply tests limit lightning tests to 3kV. The
Philips standards have a requirement of 8kV.
This design has been patented and more than 20 other patents make reference to it. This
concept has found wide application in the automotive industry, as vehicles contain more
electronic circuitry, and large capacitors can have a reduced voltage rating. This not only
saves cost but adds an extra level of protection.
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Figure 2.15: G8 power switching supply-front end.
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Figure 2.16: G8 power switching supply-protection circuit in front end.
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Figure 2.17: G8 power switching supply-DC-DC converter.
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This chapter deals with the issue of audio cross modulation into the video signal. This
problem has been around ever since TV receivers were designed. New technologies and design
constraints have resulted in this problem reoccurring. The root cause is completely dierent
to previous designs. The issue identied in the design of the G8 chassis relates to a consumer
requirement of high audio power. The power supply was designed to deliver the peak power
requirements of the receiver for both audio and picture peak powers simultaneously. The
root cause consists in the power supply switching transformer.
3.1 Introduction
Sound-in-Vision (SIV) is a form of Picture distortion, which is due to cross-talk of the audio
signal. SIV results in the audio signal modulating the video signal, in such a manner that
the picture moves in rhythm with the audio signal. This study involves a new form of SIV,
which is due to high power audio ampliers. First, an overview is provided of well-known
root causes of SIV. Then a method is discussed on how to identify the high audio output
power related SIV problem. Then details of the SIV problem are described, which is followed
by suggestions on what design changes may prevent SIV.
3.2 What is Sound-In-Vision?
Sound-in-vision is a well-known design problem for TV receivers. It is a phenomenon,
whereby the picture moves in rhythm with the sound. The fundamental problem has tra-
ditionally been in either the small signal related, i.e. intermediate frequency (IF) cross-
modulation; or in the large signal area, i.e. power supply related. Cross modulation of the
sound carrier into the vision carrier happened in the Intermediate Frequency (IF) Filters.
3.2.1 Small Signal Related Sound-In-Vision
The sound-in-vision problem where the IF stage is the root cause is due to cross modulation
between the sound and the visual signals. It occurs due to the placement of the IF coils on the
IF transformer. Care must be taken to ensure that FM sound carrier is smaller in amplitude
(the limit is typically 1/30) than the vision carrier [7]. It appears to be important that
in the demodulation process of the FM sound signal, no undesired amplitude modulation
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is produced that can get into the unmodulated AM video signal. With modern IF lter
techniques; the IF related sound-in-vision problems do not seem to be an issue. Below are
images of what an IF lter looked like, and a drawing of the circuit and the desired frequency
response is shown next to it.
Figure 3.1: Left picture is an old style IF transformer, and on the right-hand side is the
schematic and a frequency response.
3.2.2 Large Signal Related Sound-In-Vision
The most common root cause of sound-in-vision problems is found in the power supply. A
well-designed TV receiver power supply is able to provide enough power for the receiver
to have a fully white screen (this requires a signicant amount of energy from the power
supply), and at the same time to have a maximum volume at low-frequency signals. This is
the worst case power consumption for the receiver. This is not a static load, as the audio
signal is dynamic and when an actual picture is displayed, its contents are dynamic as well.
Transitions such as a white screen with narrow black lines also stress the power supply.
One of the limiting factors with a TV switching power supply is the switching transformer
core. The transformer is an expensive item, and the power supply rating is dened by the
transformer core size. On particular occasions, perhaps due to design specication changes,
the power requirement is increased. This may then require the power supply to step up to
the next core size. The problems with this are that it requires more space on the PCB,
which produces an evident increase in cost. Under most of the test conditions the smaller
core seems to do the job, but under extreme conditions, as described above, the power supply
falls short of delivering the required power, i.e. the peak demand.
The peak demands change with sound and picture content because the sound and vision
content is dynamic. This instantaneous peak demand overloads the power supply. When
this occurs, the power supply voltages drop as the current drawn exceeds its design limits.
This drop in voltage aects the extreme high tension voltage (EHT) that supplies the picture
tube anode. The result is that the picture is modulated by the audio signal. This can be
seen on the screen, whereby the picture varies in synchronicity with the sound signal. The
solution to this problem is to either reduce the peak audio power or increase the power rating
of the power supply. TV sets are designed with high power audio ampliers. Limiting or
reducing the audio power is therefore not an option. To solve the problem, the power rating
of the power supply needs to be increased.
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3.3 What is the New Sound-In-Vision Problem?
3.3.1 The New Symptom
The \new" SIV problem is due to the customers' requirements for high quality and high audio
output power. A further contributing factor is that the preferred power supply conguration
is the yback topology. The yback topology is preferred as it can have multiple secondary
supply rails, and is a simple design, with low component count. One problem with a yback
topology is the poor cross-regulation. With multiple secondary supplies as is the case for
TV receivers, only one of the secondary supplies is regulated by the control loop. The other
secondary supplies are therefore unregulated. The regulated winding is the one with the
largest power rating. For TV receivers, that is the vision winding. The other windings are
very \poorly" regulated, as the load variations are not compensated for by the control loop.
To obtain a more complete control over the regulation of those windings, a voltage regulator
is used. The secondary circuit is shown in Figure 3.2 and the transformer conguration is
revealed in Figure 3.3.
Figure 3.2: Secondary power supply rails.
Figure 3.2 exhibits the video winding, which is the top winding on the secondary side
of the transformer. The audio winding is the winding below the video winding. The video
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Figure 3.3: Power distribution in the secondary windings of a G8 power supply.
winding produces 140V and 1 A of current, which is 140W. The audio winding produces
28V and 1.8A. The audio power is thus 50.4 W.
Modern audio ampliers produce high output power and cover a wide frequency range,
that generally exceeds the Hi-Fi audio range. Typically modern audio ampliers have a
frequency response of 20 Hz to 20 kHz. The output voltage of the audio amplier is 28V,
and to achieve high audio power, the current record is nearly double that of the video
winding.
Unlike in the older power supply related SIV problem which is due to the power supply
not being able to meet peak power demands, the new SIV power supply has sucient power
handling capability to meet all peak power demands. Even peak audio power combined with
peak vision power.
The root cause of the problem, although power supply related, is completely dierent
from the \old" problem of insucient power for peak demand. Although the video signal is
modulated by the audio signal, the dierence is that it is not related to the output capacity
of the power supply. The power supply has adequate power to meet the demands of the high
power audio amplier and the video power requirements under peak demand conditions. So
what is the problem?
The audio amplier draws nearly twice the current of the Video Amplier. It draws 1.8A,
versus 1A for vision. As magnetic ux is proportional to current, not voltage, the problem
is magnetic crosstalk in the transformer core. To understand this problem, power supply
concepts are reviewed.
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3.3.2 TV Power Supplies
TV receivers and many consumer electronic products use yback type switch mode power
supplies. The advantage of using this conguration is the simplicity compared to other
switching supply topologies. The benets include lower part count and cost. This power
supply topology also meets the isolation requirement of the regulatory bodies. Furthermore,
it is simple to add extra secondary supplies. Flyback supplies are used for equipment requir-
ing up to about 190W peak output power. Their low cost makes them popular, and their
simple circuit makes troubleshooting power supply failures easy for service technicians.
The disadvantages of this conguration are high transistor voltage stress, and poor cross-
regulation of auxiliary supplies, which is a critical factor for minimizing SIV. Figure 3.3
shows the G8 yback power supply transformer. On the mains (hot) side of the transformer,
we have the primary winding and the feedback loop winding of the control circuit. The
secondary side contains windings for the video supply which is typically between 80V and
165V, depending on the size of the picture tube. The larger the tube is the higher is
the required video voltage. These relative large voltages are required as they are used to
supply the horizontal deection stage. This stage generates the voltages for the picture tube,
including the Extreme High Voltage (EHT), which have been stepped up in the horizontal
output transformer. The anode voltage is applied to a voltage multiplier to generate the
anode voltage (EHT) of the picture tube, which is over 30 kV. The video winding draws the
largest amount of power from the supply. The audio supply winding draws the second largest
amount of power. The voltage will depend on the output power of the amplier, but will
roughly vary between 15V and 30V. The audio voltage is substantially lower than the voltage
of the video supply. But the current it draws is much higher than the current drawn by the
video load. The audio current may be two to three times the video supply current. The other
circuits in the TV set will draw substantially less power, and therefore much less current
than the video or sound circuits. A problem, that is common to isolated switching supplies
with multiple secondary windings of varying output power ratios, is that each secondary
supply requires a dierent duty ratio for the switching transistor to control the load. An
ordinary solution to this problem is to control the secondary supply, with the highest output
power, via the control loop that sets the duty cycle of the power supply. The other supplies
are not regulated by this control loop. They are each regulated by linear voltage regulators.
The voltage of the video supply, which has the highest power requirement, is regulated by
controlling the duty cycle of the switching transistor in the primary circuit. A sample of the
video voltage is fed back to the control loop via the feedback winding on the primary side
of the transformer.
Flyback switching power supplies can operate in continuous conduction mode (CCM) or
in discontinuous conduction mode (DCM). CCM topologies have larger transformers, but
lower peak currents, compared to DCM operation. The control loop equations for CCM and
DCM operation are dierent. As the details of these are beyond the scope of this study, they
are not discussed.
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3.4 Analysis of the New SIV Problem
The new problem has been identied in TV receivers that use magnetic feedback in the
control loop of the power supply, and which have multiple secondary supplies. The problem
arises due to the large current required by the high powered audio ampliers. The audio
ampliers draw a larger current from the power supply than the video supply does.
As the audio current is larger than the video current, the ux inside the transformer
is modulated by the audio. This ux is also used to generate a feedback voltage for the
control loop. The aim of the control loop is to regulate the voltage of the secondary winding































Thus it is noticed that the current I is proportional to the Flux Density
B / I (3.5)
The ux density in the core is the sum of all the uxes from all the secondary windings.





As the audio current is nearly twice as large as the vision current, BT will be more
inuence by the audio current as it produces signicantly more ux in the core, i.e. ux
density B. Equation 3.7 shows this
BAUDIO >> BVIDEO (3.7)
The control look which uses a primary winding to get the reected current from the
secondary windings, can't dierentiate between the windings from the audio and Video.
The much larger audio ux is more prominent in the control loop. As brightness is turned
down and the audio volume is turned up the crosstalk eect increases. The audio current
will become the dominant control factor and the compensation of the control loop follows
the audio current. The video current is thus modulated by the audio signal.
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It is worth noting that audio ampliers are designed as current ampliers as they drive
an inductive load. The load of an audio amplier is a loudspeaker. A loudspeaker is an
inductive load. The push-pull output ampliers of the audio stage have a voltage gain of
almost 1, but the output power is increased by increasing the output current. The larger
current is required to generate more force to drive the speaker cone. The speaker cone has
an inductor tted. Thus more air movement is achieved with more current. This current is
the main driving force for audio, which in turn aects the power supply control loop, and
consequently the visual quality.
Lower frequency signals have a larger time interval T. Thus the SIV symptoms are more
visible at low frequencies. At high frequencies, the symptom is not visible.
As mentioned before, except for the main supply (video), the other secondary supplies use
external regulators to keep the output voltage constant with the current (load) variations.
But with high power audio ampliers, the current required is large, and the power from the
audio winding is also relatively high. In the case where this symptom was observed, the





For the G8 Receiver, this ration is about 0.36. An audio amplier is a dynamic load
and is responsible for ux variations in the transformer core. As a result, the control signal
is more inuenced by the ux variations in the transformer core due to the audio signal.
Therefore the video voltage is modulated in rhythm with the audio signal. As the brightness
of the picture is reduced, the video supply draws less current, and therefore the ratio of
audio to video current increases and the cross-modulation becomes more obvious; especially
at lower frequencies.





The peak current ratio is 1.8, which is nearly twice the vision current. Thus it can be
seen that the audio current cross modulates onto the vision current. This results in SIV.
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3.5 Symptoms of the New SIV Problem
If a receiver exhibits sound-in-vision, the problem will be either in the small or large signal
section of the receiver. To explore the root cause of the problem, the audio amplier can be
powered by an external power supply. This will immediately identify if the audio amplier
is the root cause of the problem. If the problem is still visible, then the problem is in the IF.
If the problem disappears, then the root cause is in the power supply. The succeeding issue
is whether the problem is due to the power supply not being able to generate enough power,
or whether the problem is due to magnetic cross-talk in the power supply transformer.
The new SIV problem can be identied by adjusting the picture brightness. As the picture
brightness is reduced, i.e. as the picture is made darker, the eect of the cross modulation
will become made more obvious. In contrast with the old SIV, as the brightness is increased
the modulation of the picture gets worse. If the brightness is reduced the cross modulation
is also reduced. In both cases the higher the volume is turned up, the more noticeable the
problem is. For the new SIV, the low-frequency components of the audio make this problem
more noticeable. Table 3.1 compares the symptoms of the \old and new" sound-in-vision
problem.
Table 3.1: Symptoms of SIV.
Variable \Old" SIV \New" SIV
Brightness More noticeable when picture More noticeable when picture
brightness increases. brightness decreases.
Sound More noticeable when More noticeable when
volume is increased. volume is increased.
Power Supply Occurs with all Occurs with power supplies that
types of power supply. use magnetic feedback for
the control loop.
Audio Frequency Independent of frequency. More noticeable with low
frequencies (less than 100Hz).
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3.6 Possible Solutions
If the problem is due to magnetic cross-talk, there is no remedy that can be easily applied.
The possible solutions require a considerable eort in the redesign.
3.6.1 Changing the Feedback Conguration
Minor improvements can be achieved if an optical coupler is used instead of magnetic feed-
back. Dierent winding layer congurations will not remove the problem. Magnetic feedback
is often used in TV receiver power supplies due to its robustness. Optical-couplers are more
likely to fail from mains related power disturbances; like for example lightning induced mains
spikes. Optocouplers are less reliable than magnetic feedback.
3.6.2 Additional Power Supply
In high-end sets, often more than one power supply is used. This is mainly done for cost
reasons. Two yback converters are cheaper than one high power converter of any other
topology. In such a case it would be advisable to have a separate supply for the audio
amplier. In conjunction with a carefully planned grounding structure, a separate power
supply could reduce the number of other interference issues that would have to be resolved
later.
3.6.3 Band Limiting the Audio Signal
As the symptom is more visible at low frequencies, it was considered to solve the problem by
ltering out low-frequency components of the audio signal. This solution is not acceptable
from a marketing point of view. Customers expect higher power audio ampliers, and these
must have a remarkable frequency response. While the low-frequency components cannot




Sound-in-vision is a well-known problem in TV development laboratories. SIV due to mag-
netic cross-talk in the power supply transformer is a new phenomenon. There are a number
of areas that that could be further explored to help better understand this problem. An
example is to develop a model to predict the maximum current ratio (audio over vision)
before cross-modulation takes place.
3.8 Summary
This paper has provided an overview of the sound-in-vision problem, which is due to the
marketing requirement of higher power audio, and higher bandwidth audio. These high
power audio ampliers are current driven, and thus as the video current is reduced, the
cross modulation becomes more noticeable. A number of solutions that require design con-




Switching System: A Zero Power
Standby Solution
4.1 Introduction
In general, households' typically have 40 or more products on standby, even though they are
seldom used. Standby is there for convenience, it allows us to use remote control units. But in
order to use remote control units, the power supply needs to be kept switched on. In standby
mode power supplies operate under no load mode. The individual load that is connected to
the power supply is the microprocessor and the Infrared LED (IR LED). The remaining loads
are disconnected in standby mode. When a power supply is in standby mode, with a light
load it becomes extremely inecient. Prior to 2010, typical standby power consumption was
10 to 30 Watts, depending on the size of the power supply. The EU directive EuP (Energy
using Products) has set a target of 1 W for standby. This was to be further reduced to half
that power consumption by 2015. Standby power contributes up to 10% of the household
energy bills. Standby power is a major concern for power generators. In Europe standby
power is equivalent to the total energy consumed by the country of Denmark. Thus the
energy generators need to produce that much energy that will be wasted on standby. Apart
from a substantial amount of wasted energy, there are the environmental impact factors.
The greenhouse gases generated and the cost to the environment. Not considered in this
equation, is the cost of energy conversion ineciency. We generate energy as an alternating
current (AC), at a high voltage. Then, we need to down convert this voltage and convert
it to direct current (DC). The eciency levels are low, and we waste plenty of energy in
order to waste energy in standby. In order to have a common way of measuring standby
power, IEC standard 62301 was developed. The challenge is how to reduce standby power.
A number of dierent techniques have been developed. This chapter describes a \standby"
solution which achieves zero power consumption by disconnecting the equipment completely
from the mains supply. However, it still allows the use of a remote control unit to switch the
equipment on and o. Thus the equipment is not in standby mode, but actually switched o.
Therefore, this system is a switching system. Apart from the energy savings, this concept
has additional safety features. For example, no fault or hazardous conditions can occur
during standby. A great number of household res are due to consumer products. Based
upon the Tokyo Fire Department, approximately 17% of household res in Tokyo is caused
by consumer electronics products. Thus this new system provides an extra safety level.
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4.2 Review of Standby Innovations
Numerous studies have been conducted on the energy wasted in households due to standby.
According to Mohanty [13], it highlights the wasted energy due to products being in standby
mode. The study not only shows the energy waste in consumer households, but includes
standby energy consumption in oces.
In early consumer products, standby systems just disconnected high power loads from the
power supply. In standby, the product had to appear to be switched o. For example, a TV
set had a dark screen and no sound. To indicate the set is in standby mode, a denite form
of indication such as an LED was required. In these systems, the main power supply was
live on standby, with a signicantly reduced load. Flyback power supplies perform poorly
under low load conditions and have comparatively low eciency. Typical standby power
consumption has been between 10W and 30W, depending on the type of appliance and its
total power rating.
Flyback power supplies are the most common topology used in consumer applications.
This is because of their simplicity, and lower component count compared to other topologies,
and they can have multiple isolated secondary supplies. As mentioned, the disadvantage of
yback supplies is their poor eciency under low load conditions. For consumer products
with higher power demands the ineciency of the power supply is signicant. In standby
mode, the only loads are the microprocessor and the standby components. Although these
components draw every little power, the losses are due to the power supply operation base
energy consumption. These losses are higher than the prescribed newer standby require-
ments. One of the traditional solutions was to use a second, smaller, auxiliary power supply
for standby. The smaller supply is more ecient than the main supply at low power. This
solution resulted in a notable reduction in standby power, but it added extra cost which can
only be justied in high-end products. The power consumption of such circuits would go
down to one or two Watts.
Burst mode, also known as pulse skipping technology was the next step in standby evo-
lution. When the load is reduced as is the case with standby mode, the switching frequency
of the power supply is changed. In normal operation the switching frequency is high and the
switching transistor is on for most of the time. In standby mode, less energy needs to be
supplied to the load, so the switching frequency is dropped, and the switching transistor is
o for most of the time. The skipping of switching pulses (burst mode) reduces the switching
losses and thus increase the low load eciency. The eciency of power supplies is shown in
Figure 4.1 below.
During burst mode, the losses are in the start-up circuit, the switching device, and power
losses in the control IC circuit, and hysteresis losses in the transformer. A lower switching
frequency requires a number of design trade-os. Reducing the switching frequency will
reduce the losses in the switching device, but it may result in poor regulation of the output
voltage. The low switching frequency may result in audible noise. The noise level can be
reduced by limiting the peak switching current. This, in turn, reduces the supply eciency.
Thus the designer must nd a balance between noise and eciency.
As microprocessors became available with a sleep mode which would reduce the micro's
energy consumption to micro Watts, new standby concepts were proposed [13]. Generally,
these were able to achieve exceeding low power consumption levels. This led to the devel-
opment of a variety of new approaches for standby mode, which have been published by
academic researchers with practical limitations. Many have proposed the use of solar panels
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Figure 4.1: Eciency versus load current.
as a standby supply, thus claiming zero power standby. But these methods still consume
power in standby, they draw current from the solar cells instead of the mains supply. Given
the practical demands of a product that consumers will purchase, these academic solutions
fall short with a good deal of unsolved problems. For example, what if there is no light?
Then their standby system will not work. They also have not included solutions for safety
and interference issues. Thus, most proposed concept models are often not practical and too
expensive for a consumer product.
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4.3 Switching System
The zero power solution to be described has the following advantages:
 It does not require any internal power source to operate.
 It completely disconnects the appliance from the mains supply.
 It is safer in \Standby mode", as no energy is present in the equipment.
 There is no Electro Magnetic Interference (EMI) on standby.
This standby solution is actually an on-o switch; therefore the patent for this invention
describes it as a switching device. This is a more accurate name than standby. Standby has
been used in this chapter, as it makes it easier to understand the function of this system.
The aim of this system is to use a remote control to switch an appliance, like a TV set,
on or o. A conventional standby system needs internal power to be able to receive the
Infra-Red (IR) signal from the remote control transmitter. This new system does \energy
harvesting" from an RF signal that is emitted from the remote control transmitter. The
signal transmitted is in the unlicensed frequency band. A block diagram of the proposed
system is shown in Figure 4.2.
Figure 4.2: Switching system block diagram.
The system consists of an antenna which is connected to a passive RF module that
recties and lters the received signal. The voltage obtained from this signal is then used
to activate an electronic switch, which in turn connects the appliance to the mains supply.
Thus this system does not have a standby mode while only has two states, on or o. This is
shown in the state diagram of Figure 4.3 below. The conventional standby system has three
states, compared to the two states of the switching system. This system also isolates the
appliance from the mains supply in the o state, thus contributing to safe operation.
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Figure 4.3: State diagram.
4.4 Switching Circuit Design Considerations
This section provides an overview of the design considerations and issues.
4.4.1 RF Frequency Selection
The rst consideration is the frequency selection. A frequency needs to be chosen that falls
in the unlicensed bands. The choice of the frequency aects the antenna size. The size of





Where c = wave velocity (3 108m=s), f = frequency in Hz,  = wavelength in m
The Frequency determines the energy required to transmit the on/o signal to the ap-
pliance, which in our example is a TV receiver. The energy drops at the rate of the cube of
the distance. The trade-os in the frequency selection are:
4.4.1.1 Frequency Selection
A low frequency will require a larger antenna, and if data transmission is to be by RF, it
may result in relatively slow data transmission. If the frequency is higher, it will require
more energy for a given distance than a lower frequency.
4.4.2 RF or IR
In its simplest form, the RF signal may only be used for the on-o function, and the other
remote control functions may continue to be performed by an Infra-Red system (IR). For
either choice, the RC-6 or other existing protocols can be used.
4.4.3 Passive RF Stage
The switching system is not connected to any power when switched o (or in \standby
mode"). The only energy source is the transmitted RF signal from the remote control
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transmitter. It needs to be converted into a DC voltage. Figure 4.4 shows the basic circuit
that will generate the DC voltage. The RF signal is rectied and its energy is stored in
a capacitor. In order to get a large enough voltage to activate the switch, a number of
conditions must be satised. These are discussed in the next sections.
Figure 4.4: Passive RF circuit.
4.4.4 Voltage Magnication Factor
There are a number of trade-os to make in order to supply the switching circuit with an
initial startup voltage. The proper selection of components allows the Q of the input circuit





From Equation 4.2, it is observed a relationship that can be used to determine the voltage
multiplication factor of the input circuit. In our design, we used 900MHz, which is in the
unlicensed band in most countries. The bandwidth in this band (860MHzto960MHz) is
100MHz. This gives a Q of about 9 to 10. At 900MHz, the cycle time T is 1:1ns. The
load resistance can be calculated based on the voltage we need to drive the switch and the
current or power requirement. This resistance is the load (RLoad). As a rule of thumb, the
time constant  to uphold the supply should be about 100亮 s at this frequency. From this,





If the RF circuit is also to be used for data reception, then a second circuit is required.
One path of the circuit will be required to supply DC voltage. Here a larger capacitor will
be required to store the required energy for the switch to operate. The second path needs
to be able to cope with data signals. Therefore a separate circuit is used for the data path.
Here a smaller lter capacitor is used. The concept of this circuit is shown in Figure 4.5.
4.4.5 The use of a Voltage Doubler
A voltage of about 1V is needed to drive the switch. Although the input circuit Q factor
will help, a charge pump, also known as the voltage doubler, may be needed. Figure 4.6
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Figure 4.5: RF circuit for DC supply and data reception.
shows the circuit of the doubler. The voltage can be scaled by adding one or more stages
to the voltage doubler. It must be noted that we cannot just add multipliers to obtain the
desired voltage. The energy that can be extracted from the RF signal is limited by the signal
strength. The signal must supply enough energy to overcome the diode voltage drops.
Figure 4.6: Voltage doubler circuit.
4.4.6 Switching System
4.4.6.1 Mains Switch
The mains switch can be implemented with a variety of devices that are compliant with IEC
65. For appliances that consume 35 W or more, a mains switch must be used. Below 35 W,
the switch is optional.
4.4.6.2 Solid Sate Switch
The choice of a switch can be a solid state device such as an SCR or Triac. Using these devices
extra components will be needed to meet the safety requirements. A further consideration
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is that devices will need to have noise suppression components so that false triggering won't
occur. They will also contribute towards an increase in EMI. In addition, large noise spikes
may also aect the performance of an electronic switch.
4.4.6.3 Mechanical Switch
A mechanical switch can be used. In this application, a mechanical switch can be placed at
a location in the receiver, where the mains cable layout will result in a minimal EMI pickup.
A relay may also be used as an electromechanical switch. This is easy to control with a
simple transistor that can handle the latching and holding currents. The circuit controlling
the relay will need to be compliant with all safety standards as specied in IEC 65. This
generally results in extra components to prevent safety issues under fault conditions. A
relay has an advantage that the switching noise is audible. This noise can be regarded as an
excellent feedback that the appliance is changing state, i.e. from on to o or vice versa. An
optical indicator of whether the appliance is drawing current from the mains supply needs
to be included in the circuit.
4.4.7 Control Logic
The appliance needs to be able to distinguish between valid signals and keep track of several
functions associated with switch control. As the signal is RF and disperses, it may be that
a command is received from another appliance that is located close by. The circuit needs to
be able to detect if it is a valid signal that has arrived. These types of logic control functions
can be implemented in hard or software.
4.4.8 Safety Issues
The switching system was designed for a TV receiver, thus IEC 65 was used as a reference
for safety issues. As the circuit interfaces with high energy parts, safety tests will need to
be done. The feasible solutions to ensure a safe design will depend on the method used to
disconnect from the mains supply.
The switching device has a number of benets regarding safety. In the OFF Mode, the
appliance is completely disconnected from the mains supply. This is in contrast to current
standby systems, where the appliances are always connected to the mains supply. Being
disconnected makes the appliance safer.
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4.5 Summary
The obvious benet of this system is that no power is drawn during what would be called
\standby". In this mode, the appliance is completely disconnected from the mains supply.
Thus, there is complete isolation between the appliance and the mains supply. With current
technology, nearly 10% of household electricity is used for standby. That means 10% of a
household energy bill is wasted. With increasing energy costs, that is a potential for saving.
More importantly, than saving is the environmental impact due to wasted standby energy.
Thus reducing the energy that is wasted in form of standby has a huge impact on society.
Having the appliance completely disconnected from the mains supply has another ad-
vantage. It is safety. An appliance that is in active or standby mode can through a fault
condition become unsafe. Data collected on household res shows that about 17% of do-
mestic res in Tokyo are due to faulty consumer products. In Germany, the gure is 30%
of household res. That is, top of the list appliances that contribute towards household,
res are washing machines and dryers. Safety issues of the consumer product are in the
news frequently. The ability to isolate an appliance from the mains helps improve safety
and reduces the electricity bill. A further benet of the proposed system is the low cost to




This study covered three major design issues, which required innovative approaches to come
up with new solutions. The problems encountered did not belong to the day to day type
problems that would occur in the daily R&D work. By contrast, the problems encountered
were due to advanced new technologies, requiring innovative solutions. These problems have
not been discovered before. The solutions had to be cost eective as consumer electronics is
about low cost solutions. Cost is a typical design constraint and driving factor for consumer
products. They are manufactured in high volumes, and market forces drive the prices down.
Thus prot margins are low and require low cost designs. The implication of this is that an
op-amp is particularly expensive, and a transistor is generally used.
The rst chapter deals with an innovative design for which international patents were
granted, namely, the design of an overvoltage protection circuit for electrolytic capacitors.
It is primarily used for voltage doubling circuits. Modern Television Receivers are sold in a
global market. Thus, they have to be able to operate over a wide range of input voltages.
The design requirements specify an input voltage range of 90  276 Volts. This requires an
auto voltage switching circuit (AVS). The AVS detects the mains input voltage by starting
in the high mains range, to avoid any damage to the receiver power supply. If a low mains
input voltage is detected, it switches down to a low mains input conguration, which puts
the set in doubler mode. In principle, a doubler is not needed. But the penalty for designing
a set that will work over this wide input range without a doubler is the high cost due to
components that need to be able to handle extreme specications, and further issues are that
a larger heatsink and more PCB space are required. This is an unacceptable solution, even
for non-cost sensitive industrial applications. Thus, voltage doubler circuits are required.
For low mains voltage countries such as Japan (85VAC to 120VAC) a hardwired doubler
circuit is used. International safety standards such as IEC 65 (the safety standard for audio
and video equipment) and the equivalent Dentori standard require that during the safety
evaluation of the doubling circuit, the elcaps are open circuited and short circuited. Under
both fault conditions the power supply must remain safe. An unsafe condition would be a
hot spot or the overheating of an elcap that could result in a potential re. This solution
meets all safety requirements, and has the additional benet of substantial cost savings. This
invention allows the use of 250V DC rated elcaps, instead of the traditional 400VDC elcaps.
This resulted in cost savings of $5:05 per capacitor; or $10:10 per set. After allowing for
the cost of components and assembling these components, the net savings are $8:00 That
translates into $8:00 million dollars saving for a production run of 1 million sets. A further
benet is that the resistive network across the elcaps provides voltage balancing. Without
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the resistors the voltage may be unevenly distributed, given that the tolerance of the elcaps
is 20% the voltage distribution can be substantial without the resistors. The overvoltage
protection circuit components, are physically positioned in the front end of the power supply.
Here they are subject to many potentially hazardous mains pollution problems. Therefore,
a number of safety and performance tests were completed, which involve the standard open
short safety tests, mains voltage disturbance injection, lightning injection, and electrostatic
performance evaluation. It is noted that the proposed design has passed all tests.
The second chapter has shown how innovations in technology and new customer demands
have created a new root cause for an old problem. This chapter describes two well-known
root causes to the sound-in-vision (SIV) problem. The new root cause is due to a more
demanding audio amplier specication. As the power of the audio amplier increases, the
current required to provide full load increases. The output stage of an audio amplier is a
common-collector type amplier. As such, it has approximately unity voltage gain, but it
has a large current gain. The advantage of the common collector conguration is that acts
as a buer to the driving stage, and has a low output impedance, which helps match the low
impedance of the speaker. The speaker is an inductive load and thus current driven. The
output stage can provide the necessary current to deliver the high output power requirement
of modern audio ampliers. This large output current is the root cause of the SIV problem.
The switch mode power supply obtains the feedback for its control loop from an auxiliary
winding on the primary side of the power supply transformer. The high audio current is
larger than the video or picture current. The power supply feedback loop is designed to
control the voltage of video output supply, as it has the largest output power. Nevertheless,
as the audio amplier current is almost double that of the video supply and the transformer
ux is proportional to the current, the control loop cannot dierentiate between the audio
and video currents. Thus the high current demand of the audio amplier modulates the
vision with the sound signal. A method had been developed to help pinpoint which type
of SIV problem exists. This method is shown in a table in Chapter 3. There is no real
solution to this problem. The only feasible solution could be cut o the low frequency of
the audio signal, as the SIV eect is more visible at low frequencies. However, this would
aect the audio quality, thus ltering out the low frequency is not an acceptable solution.
The only eective solution is that a separate audio power supply is used. For the G8 chassis,
management decided the eect is not very severe and accepted the Set with the SIV problem.
Chapter three covers Standby power consumption. A brief review is provided of historical
concepts, and several academic solutions are not working for a real TV application or other
consumer products. In other words, hidden issues exist that if one is not familiar with the
requirements of consumer electronics and with usability issues imposed by the constraint
that a broad spectrum of people needs to be able to use and operate the product. One early
solution was the use of sleep mode in microprocessors. The main problem was the cost of
an energy storage element. The energy storage element could be a battery or low leakage
capacitor. Both options raised issues with respect to safety, and cost. Many of the objections
from safety were overcome, but required amendments to IEC 65. This would be a time
consuming eort. Given the constraint and the time to market issue, Philips decided not to
le a patent for this innovation. Rather, prior art was established by publishing this method
in a low circulation Philips publication. Another popular solution was pulse stretching.
Pulse stretching allows the power supply to \slow down" and thus transfer substantially less
energy. With this method, high eciencies were achieved in standby mode. Pulse stretching
is a method that is widely used to reduce standby power. The proposed solution is the
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world ’s rst true zero power \standby circuit". Unlike in a conventional standby solution,
the state diagram has three stages: Power On, Standby, and Power O. The new solution
has only two states, which \On or o". Thus the proposed solution switches the product fall
o. Therefore, it does not appear to be a standby solution, but a switching system. This
solution is achieved with harvesting Radio Frequency (RF) Energy. The remote control unit
needs to be changed from Infra-Red transmission of RF. It could also just be simple RF add
on to an Infra-Red remote control. The basic concept of this switching system is described
in this chapter.
The research completed and shown in the three chapters still has potential for further
study. Chapter 1 has shown a novel solution to ensure a safe and cost eective solution
in reducing the size and cost of electrolytic capacitors. There are at least 10 patents that
reference this solution. Most modify the control circuit and are in general more expensive.
Better protection circuits may be developed, given the advances in power electronics. It is
expected that further improvements will be made to improve noise immunity of the circuit.
The input EMI lter may be used for this improvement.
The standby circuit proposal is a topic of great importance, and the proposed solution
has fairly extensive applications. Further research can be implemented in miniaturizing this
solution, and to further reduce the cost of the switching system. There are many applications
that this solution can be applied to in order to make more energy ecient products. The
SIV problem has a considerable number of variables, and a detailed study which can help
identify the relationships between these variables would not only be benecial to Television
receivers, but to the power supply community in general.
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IEC 65 (EN60065).
UL 1492 (for USA).
CSA (for Canada).
CISPR 13.
DENTORI (Japanese legal requirements for electrical appliances and materials).
Philips Internal Documents:
UAW-0141 Safety Standard for Philips Consumer Electronics Products.




 United States of America Patent: US-7,911,087.
 AUS ling number 2007906044, lled November 2007.
The patent describes a zero power standby switching system.
2. Overvoltage Protection Circuit
 European Patent Application, lling number: 95200401.8.
 United States of America Patent: US-5,510,944.
 Taiwan: Utility Model UM111480.
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